. Chemical composition of two preparations of bronchial mucins from patients suflering from chronic bronchitis Mucins F2 have been prepared after reduction of bronchial gel and were included in a Sepharose 4B gel chromatography (Lhermitte et al., 1977) . High molecular weight mucins ((32-1) were prepared without reducing the bronchial secretion and were excluded from a Sepharose CL-2B gel chromatography. * Expressed as residues per 100 residues. by negative contrast has shown lipid micelles that might be associated with mucin threads and which disappear after delipidation (Slayter et al., 1984) . In rat small-intestinal mucins, different varieties of lipids aie bound to the different parts, naked or hyperglycosylated, of these mucins (Witas et al., 1983) . At the present time, there is no published indication of such differences in human bronchial mucins. However, the amount of lipids bound to high molecular weight mucins prepared without reducing agents (Woodward et ul., 1982) is more important than the quantity of lipids bound to mucin prepared after reduction of bronchial secretion, which have a lower molecular weight and a lower content of dicarboxylic acid (Lhermitte et af., 1977) (Table 1 ). This indirectly suggests that lipid binds preferentially to the wcalled naked region.
Finally, the idea of the naked region being on the same peptide as the higher glycosylated region has to be questioned. High molecular weight mucin preparations still contain some small molecular weight proteins, which are bound to mucin via non-covalent and probably hydrophobic linkages (Rose et al., 1979). One may wonder to which extent these peptides may account for the so-called 'naked regions'.
In conclusion human bronchial mucins from chronic hypersecretion may be viewed as complexes made of long, heterogeneous glycoprotein threads, which may be associated with lipid and hydrophobic peptides.
University Department of Medicine, Bristol Royal Infirmary, Bristol BS2 8H W, U. K . Mucins, the very large carbohydrate-rich glycoproteins of mucus secretions, are important in maintaining the protection of the various mucosal surfaces. Evidence relating to their size and degree of polydispersity is crucial, since these properties determine the acceptability of postulated models. We present here evidence from sedimentation equilibrium relating to the molecular weight distributions of two mucins, one from the sputum of a human chronic bronchitic and one from the gastric mucosa of a normal pig. From the nature of their origins, both substances must be partially degraded relative to newly secreted materials.
Human tracheobronchial mucin
The glycoprotein was isolated from the sputum by a threestage density-gradient procedure, based on that described Abbreviations used : GuHCl, guanidinium chloride; SDS, sodium dodecyl sulphate.
by Creeth et al. (1977) but modified by the inclusion of proteinase inhibitors (Pearson & Mason, 1977) . Its analytical composition was very similar to that from an earlier specimen from the same patient ('12'; Creeth et al., 1977) . Its physicochemical properties are summarized in Table 1 .
The methods used were basically those described earlier (Creeth et al., 1977) , but the molecular weight data processing, supplemented by the modification described by Creeth & Harding (1982) , was extended. The most precise result is the value for the weight-average molecular weight of the initial solution, denoted W, ; the point average values, denoted M,(J) where J is the concentration expressed in fringes, are slightly less precise.
The molecular weight of the mucin is clearly unaffected by drastic changes in the environment: neither SDS nor GuHCl alter the value found in ordinary neutral buffers. This observation disposes of the proposal tentatively advanced earlier (Creeth, 1980) that an association might exist arising from hydrophobic interaction between molecules. This conclusion is reinforced by the non-superposability of curves of the apparent molecular weight vs concentration 607th MEETING, LONDON Table 1 . Physicochemical characteristics of bronchial mucin Gre* All measurements were in phosphate/chloride buffer, pH6.8,IO. 10, unless otherwise stated. 'Thiol-red' implies treatment with O.O4~-dithiothreitol at pH 8 for 12 h. 'Perf-ox' refers to performic acid oxidation by the method of Hirs (1967) . Units of reduced viscosity (qrd,) are ml/g. * All measurements were on subfraction 13-15, except where indicated with t, when subfraction 1 &I9 was employed. Only minor analytical differences existed between these subfractions. $.Reduced and measured in ~M-GuHCI. 0 After stabilization with iodoacetamide and removal of GuHCl. where. Curve D was fitted as in Fig. l(a) . Curve C.
( Fig. la) . It is well recognized (see, e.g. Kim etal., 1977) that chemically reacting systems yield apparent molecular weights that give a single curve of M , vs J . The conclusion is the more important because it is rigorously valid not only for thermodynamically ideal solutions, but also for nonideal solutions, provided the non-ideality is first order only, and can be specified in terms of a single second virial coefficient, B. Although the existence of an association is now disproved, the concept retains great value because of the wellknown principle that a reacting system cannot be distinguished, in one experiment, from a non-reacting system which contains the same distribution of molecular weight. Thus it is possible, by applying the equations of e.g. isodesmic association to a non-reacting but polydisperse system, to calculate a constant which, when applied to a static system, will define a distribution of molecular weight. If a single value of the constant is not obtained from an M , vs J curve, then obviously no such distribution can be constructed and the method fails.
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The relevant equations (e.g. Kim et af., 1977) are as follows : (Roark & Yphantis, 1969) vs J for the three most dilute experiments of the series: although the slopes differed substantially, a common intercept of 1.5 x lo6 was obtained.
The value of k quoted can be used in the equations of static isodesmic association to give the distribution that characterized the initial solution before redistribution occurred under the influence of the gravitational field. These equations are (3) ( 4 ) which retain their validity in systems exhibiting the specified non-ideality. The distribution implicit in eqn. (3) and eqn. (4) is therefore one which specifies a type and extent of polydispersity in which allowance has duly been made for non-ideality : thus the long-standing problem of separating these opposed effects (see e.g. Williams, 1972 ) has been obviated. The distribution obtained in this manner is shown in Fig. 2a .
Although the curve is still only hypothetical, it is significant that the M , characterizing the distribution has the value 6.3 x lo6, i.e. close to the M", found for the most dilute solution (Table 1) . Moreover, the same procedure applied to the latter solution (the steepest curve in Fig. la) gave a quite different value of k (1.40 J -I ) which nevertheless, by virtue of the difference in C in eqn. (3), defined a very similar distribution and M , = 5.5 x lo6. Finally, it is clear that if two polydisperse systems differ only in their total concentration, then the apparent 'equilibrium constants' [e.g. k2 = c2/cI2; k2 = p~, / ( p c , )~] will differ by the factor l/p, wherep is the ratio of the concentrations. Here the J" values were 8.68 and 2.24, giving the ratio 3.8; the values of k (0.48 and 1.40) give the ratio 2.9. Obviously agreement is not exact, and one must regard these distributions of M as tentative. Nevertheless the method is an improvement on what was previously possible (e.g. Creeth, 1980) . The distribution of Mobtained would be compatible with a very large parent molecule ( M -2 0 x lo6) cut at specific susceptible points to a random extent, or to random covalent association of subunits of M = 1.5 x lo6.
Pig gastric mucin
Scrapings from the gastric mucosa of a freshly slaughtered pig were suspended in neutral buffer containing proteinase inhibitors and 40% (w/w) CsBr. Dispersion was effected by stirring with ~M-GuHCI, and a two-stage density-gradient separation performed (Creeth et al., 1977) . Analytical density-gradient centrifugation of the now readily water-soluble glycoprotein confirmed its general good quality; its analytical composition resembled that published by Scawen & Allen (1977) except that its total peptide content had the much higher value of 29.3%.
When examined by equilibrium ultracentrifugation as before, the pig gastric mucin gave the results shown in Fig.  2b . The general behaviour is clearly very similar, but even higher values of the apparent molecular weight are obtained in the most dilute solutions. The figure obtained from the run at an initial concentration of 0.04mg/ml (J" = 0.32) was W, = 10.3 x lo6, this being the value most closely corresponding to that of 5.5 x lo6 quoted in Table 1 for the human glycoprotein. Again, however, the curves illustrate the great polydispersity, and the opposing non-ideality which causes progressively lower MkPP. values as the initial concentration rises. Since the curves do not superimpose, the same arguments apply concerning the applicability of equations governing association, and the experiment at 1.3 mg/ml, showing a maximum in MhPP., was fitted to eqn. (2), using again the values M I = 1.5 x lo6, B = 0.013 x when k was found to equal 2.1 ( J -I ) . Clearly the fit is excellent, and the corresponding distribution of molecular weight is shown in Fig. 26 , with the M", (8.7 x lo6) to which it corresponds.
Although the same reservations as for the human material must apply to the particular distribution shown, there can be no doubt that it fairly represents the extent of polydispersity and the mean size of this preparation. 
